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In planning and designing of the built environment, current techniques of communicating design leave out important 
information that is crucial to the understanding of the intended audience. Previous works on Virtual Environment 
shows that visualization capability can provide a common language for understanding design. City/town planners in 
particular and the built environment in general, have the opportunity to benefit from the visual design techniques 
offered by the computer and video games industry. Such techniques include enhanced texture mapping, lighting, 
interaction, the use of gamepad, audio, and real-time 3D interactive visualization. 
 
A prototype Virtual Environment spatial review tool is developed to help communicate and clarify design and its 
information by using Virtual Environment rendered by a 3D game engine, running on a video game console. The 
motivation for this development is to propose this tool to be used by the planning division of the University of 
Southern  Mississippi  (USM)  at  Hattiesburg,  Mississippi,  USA.  The  current  problem  facing  the  USM  planning 
division is on the functionality of the campus streetscape, particularly West 4th Street, at the north side of the 
campus. The existing pedestrianization design of the USM is suffering from the lack of built environment standards, 
and at the moment there are no set standards for the university master plan. The prototype could be used to show 
design concepts and design principles that affect the building, design materials and building structural components 
to be implemented in the new design and construction of future USM campus.  
 
This paper briefly describes the development of the prototype using the XNA framework and the Xbox 360 game 
console  as  a  3D  design  visualization  and  communication  tool  to  assess  the  accessibility  of  a  self-sustainable 
streetscape  design.  The  XNA  framework  is  used  as  the  primary  development  tool  for  the  proposed  virtual 
streetscape. The authors envisage and believe the prototype can become a valuable tool in assisting the development 
and review of the built environment through 3D visualization applications. 
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1  Introduction  
 
The communication of ideas is as important as the idea itself. Current freehand sketches and poster boards approach 
are  leaving  out  important  information  needed  by  the  end  user  to  fully  understand  the  design  objectives  for  a 
community’s built environment (Al-Kodmany, 2002). Extending the visual capacities of paper, video and computer 
screen, makes humans able to extend the depth of their own knowledge and experience (Tuft, 1997). According to 
Elwood and Leitner (1998), one-third of the human brain is devoted to vision and visual memory. Visualization 
provides a common language for all planning participants, technical and non-technical (Al-Kodmany, 2002), can be 
achieved via a Virtual Environment (VE).  
 
Utilization of VE offers a way for individuals from diverse background to communicate through a visual language 
that mimics the way people interact with the environment in the real world (Al-Kodmany, 2002). VE tools are an 
empowering inclusion to the efficiency processes of design and planning (Doughty and O'Coill, 2005). VE also offer 
a better medium for communication and decision making. City/town planners in particular and the built environment 
in general, have the opportunity to benefit from the visual design techniques employed by the computer and video 
games industry. Such techniques include enhanced texture mapping, lighting, interaction, the use of gamepad, audio, 
and real-time 3D interactive visualization in a VE (Kitchens & Shiratuddin, 2007). These benefits make the VE possible and realistic for use by the built environment. The benefits of games technology also increase the chances 
to correctly communicate visually the first time an idea is thought. 
 
The authors develop a prototype VE spatial review tool to help communicate and clarify design and its information 
by using VE rendered by a 3D game engine, running on a video game console. As the first step, the authors propose 
this  tool to be used by the  planning division of the University of  Southern Mississippi (USM) at Hattiesburg, 
Mississippi, USA, and later to be tested by the Hattiesburg City Planners.  Presently, the USM is having problem 
with the functionality of the campus streetscape particularly West 4
th Street, at the north side of the campus. The 
current  USM  Master  Facility  Plan  is  in  form  of  a  compiled  set  of  planning  and  construction  documents  that 
represent  the  future  campus  built  environment  (Members  of  the  Master  Campus  Facility  Planning  Committee, 
2007). The existing pedestrianization design of the USM is suffering from the lack of built environment standards 
and at the moment there are no set standards for the university master plan. As such, the authors develop a 3D 
virtual streetscape model to assist the establishment of design standards for the university master facility plan. These 
standards are based on the guidelines set forth by the U.S. GREEN Building Council (USGBC) and the Leadership 
in Energy and Environmental Design (LEED). The prototype VE spatial review tool could be used to establish 
design concepts and design principles that affect the building, design materials and building structural components 
to be implemented in the new design and construction of future USM campus. 
 
This paper briefly describes the development of the prototype VE spatial review tool, using the XNA framework and 
the Xbox 360 game console as a 3D design visualization and communication tool to assess the accessibility of a self-
sustainable streetscape design.  The XNA framework is used as the primary development tool for the proposed 
virtual streetscape. The XNA framework is developed by Microsoft to allow games developer to develop games for 
both the PC platform and Xbox 360 video game console. At the time of writing, XNA and its related tools is 
available free for everyone. Therefore, XNA can be considered as a low-cost but highly efficient tool that allows for 
the development of 3D visualization applications for the built environment. 
 
2  Background to the Creation of the Prototype VE Spatial Review Tool 
2.1  Inspiration 
Emerson (2006) researched the Euclidian Zoning ordinance of the early 1900s. This ordinance denied mixed used 
facilities, and enforced buildings surrounded by parking lots producing the incentive for humans to drive more often. 
The ordinance was established because mixed use buildings were connected to each other and the spread disease and 
fire were an often problem. City like Charleston, North Carolina have some of the highest property value in the 
country. This is because of the mixed use buildings on streets that have little or no vehicular traffic, and cars are 
parked at ends of long streets or behind the buildings. With advanced technology today, mixed used facilities that do 
not spread fire and disease can be built. Emerson writes about mixed use buildings that are connected to establish 
pedestrian circulation networks that are sustainable and decrease incentives to drive, but increase the incentive to 
ride  a  bicycle,  run,  or  walk  regardless  of  disability  or  handicap.  Emerson  suggests  that  sustainable  built 
environments encourage healthy activities among human society and lessen the increase of urban sprawl. 
 
Elsewhere, Lynch (1960) explains the visual needs for proper design and planning. Lynch further explains that 
properly planned forms should be manipulated to make a “strand of continuity” among the multiple images of a big 
city. Features such as day and night, winter and summer, near and far, objects which are static and moving, and 
ideas both attentive and absentminded are the ideals of visual image as a total field. Lynch also writes that major 
landmarks,  regions,  nodes,  or  paths  should  be  recognized  under  diverse  conditions.  Elements  of  the  built 
environment should be brought into close and image-able relation where each element takes on intensified character.  
 
From attending the Hattiesburg City Planning Committee meetings, the authors found the city of Hattiesburg was 
suffering from urban sprawl, and abandoned the mixed use and single use facilities. The idea for a VE spatial review 
tool began at one of the City Planning Meeting where there was no agreement between a construction company, 
lawyers, and the City Planning Committee about the design of a new golf course. The authors observed the problem 
was lack of proper visual aids that could explain the vision of the contractor and the large scoped project designed 
by the construction company. During the meeting, the City Planning Commission Committee had concerns about 
traffic flow and noise pollution of the rural surrounding area.   
The authors contemplate that a simple yet sophisticated tool can be used to realistically and visually display the site 
and design of the project. Since the virtual site is complete with audio, interactivity and conducted in real-time using 
only a gamepad, this scenario would have solved the concerns of urban sprawl raised by Emerson (2006), provides a 
platform to visualize the theories like Lynch (1960), visualization needs of Hattiesburg City Planning Committee.  
2.2  Motivation 
USM has a Facility Master Plan for future construction of the campus built environment. The need for a visual 
communication tool exists for a more clear collaboration of the Facility Plan Committee and members of the Built 
Environment. Currently there are no standards for the built environment of USM. Therefore the authors propose a 
standard  based  on  the  U.S.  Green  Building  Council’s  LEED  guidelines,  design  principles,  and  concepts  and 
implementation  from  the  authors’  prototype.  The  need  for  a  visual  solution  revolves  around  the  proper 
communication of the future standards to be implemented in the future construction and built environment of the 
university.  If  the  construction  design  standards  are  not  properly  communicated  and  explained  to  the  Built 
Environment professionals, the environment will continue to suffer and the new campus construction will eventually 
not  meet the  LEED certification. At USM there is a problem  with the  functionality  of the campus  streetscape 
particularly the West 4
th Street north side of the campus (Figure 1). 
 
 
FIG. 1: The University of Southern Mississippi 
 
As  abovementioned,  the  prototype  VE  spatial  review  tool  will  show  the  proposed  design  standards  and  the 
functional problem solutions of the campus focused on 4th Street. The primary focus of this research is to model 4th 
St. streetscape based on LEED guidelines as standards for future built environment, and communicate the modeled 
design standards via the Xbox 360 video game console as the VE device. Figure 2 shows a preliminary test shot of 
the prototype tool. The VE was modeled in Sketchup Pro and 3DS Max, exported as FBX from 3DS Max and then 
compiled using the XNA framework to allow viewing on the Xbox 360 game console. The workflow process is 
discussed later in this paper. In Figure 2, notice the blind man walking near the center of the picture with a walking 
stick using the striped textures on the ground for navigation. These types of textures on the ground and the 3D 
objects such as the bench are some of the design concepts applied (Figure 3). The design concepts are referred from 
the Portland Pedestrian design guide and it is used to accommodate the design of an accessible environment for 
USM (State of Oregon, 1998). The striped textures on the sidewalk in Figure 2 are designed so the textures near 
obstacles and vehicular traffic flow are rougher then the textures in the safe walking lane for the blind. The materials 
for the VE scene are to be visually realistic and to resemble the sustainable material prescribed by the LEED certification  checklist  and  guidelines.  All  of  these  are  proposed  to  be  part  of  the  implementation  for  new 
construction in and around the campus. 
 
 
FIG. 2: A test shot using the prototype spatial review tool showing 
the new proposed design of 4
th Street 
 
FIG. 3 Portland pedestrian Guide 
3  The Art Path 
 
Referring to games development technique, in this paper an Art Path refers to the process required to produce and 
integrate an asset into a newly or existing VE. From the authors experience using 3D game engines, an art path 
answers the following questions; “How did you create that?”, “What software did you use?”, “What are the file 
types used?”, and “Which file type is used for each type of different software?”. Typically, most VE commercial 
software  involves  a  fairly  complex  art  path.  However,  the  art  path  developed  for  this  prototype  VE  tool  is 
straightforward. It is designed in such a way that users such as the Built Environment professionals could easily 
adopt the solution because of its ease of use and low cost. Figure 4 shows the art path using both Sketchup and 3DS 
Max as the Digital Content Creation (DCC). 3D models created in SketchUp Pro and 3DS Max is interchangeable. 
The use of either SketchUp Pro or 3DS Max in this project is necessary since it can export scenes into the FBX file 
format. Once exported the FBX model can easily be loaded and viewed using the prototype application tool via the 
PC or the Xbox 360. Note that when modeling in either DCC, the model shares a common point of origin that 
remains the intact in XNA because of the model origin location being hardcoded within the application. The FBX 
exporter allows for the user to preserve geometry scale, texture mapping, animation and lights. Multiple 3D models 
can be arranged and modeled in 3DS Max and sent out as one FBX scene. 
  
 
FIG. 4: CAD model conversion Art Path 
4  GUI and GUI Design 
 
Mandel (1997) describes user interface as “the whole experience between the user and the computer. It includes both 
the  computer  hardware  and  software  that  presents  information  to  users  and  allows  users  to  interact  with  the 
information and the computer.” In this implementation, the hardware component is the physical element that makes 
up the system such as the gamepad, the Xbox 360 console that houses the central processing unit (CPU) and the 
graphics processing unit (GPU), and the TV as the display screen. The software component is all the items users see, 
hear, point to, or touch on screen to interact with the system, as well as the information which the user works with. 
Mandel accounts on three areas (also known as the Mandel’s Golden Rules of Interface Design) of user interface 
design principles which can be summarized as: 
 
•  Place users in control of the interface: The user is free to go where they want to go and how they want to 
get there. E.g. user can work on a spreadsheet, switch to a web-browser to cross-reference information on 
the internet, and at the same time listen to audio music 
•  Reduce users’ memory load: The computer can assist the user to remember and carry out tasks that are 
repetitive. E.g. defaults such as, undo, redo, copy, and the use of icons 
•  Make the user interface consistent: Consistency is a key facet of a usable interface where users reuse their 
knowledge and what they learn to a new program. This can only happen if the programs are similar to what 
they have already used 
 
A basic characteristic of a GUI is to incorporate specific elements that make the tasks and work carried out on the 
computer to life. A GUI is “the graphical representation of, and interaction with programs, data and objects on the 
computer screen” (Mandel, 1997). Present GUI design have common characteristic of WIMP which stands for 
Windows, Icons, Menus, and Push-buttons (Pinho 2002; Bowman et al 2001; Mandel 1997). 
 
In this paper, the GUIs were made from 2D TGA textures using Adobe Photoshop CS3. The GUIs are rendered by a 
hardcoded rectangular position and then compiled by XNA. Each texture’s pixel size must be to the power of 2 e.g. 
128 x 512, 512 x 512, 1024 x 1024 etc. These pixel sizes minimize the use of computer memory while the 3D 
engine is rendering the texture. Many 3D engine and 3D graphics cards require to the power of 2 textures so they 
can fit in the programmed grid criteria allowing for faster rendering (Ahearn, 2006). If a 500 x 500 texture size is used, 12 pixels in the computer memory will be wasted since XNA will render the 500 x 500 texture as 512 x 512. If 
a 513 x 513 texture was used, XNA will render is as 1024 x 1024 hence more memory will be wasted. 
 
The GUIs for this tool are designed to be self-explanatory, easy to use and navigate through. The buttons on the 
main menu (Figure 5) were programmed to respond to specific button-presses (or combination of buttons) on the 
gamepad. For example, when the “Play VE” button is pressed, the tool will load the design in the VE. Once the VE 
is loaded, it is ready to be reviewed and user can navigate through the VE using the Xbox 360 wireless gamepad 
controller. If a user would like to know how to navigate in the VE, the use simply hit the “Help”. The “Help” screen 
will appear showing the navigation information. In the “User Database” screen, the name of the user and the amount 
time spent in VE are shown here. A user can also change the settings of the tool such the sound and music volume, 
controller sensitivity, screen resolution and graphics. At the time of writing, the authors are still refining the GUI 
design aspect of this tool. The authors believe there are various avenues of study that can be researched on GUI 
design and interaction for real-world applications using video games consoles. 
 
 
FIG 5: GUIs for the prototype VE spatial review tool 
5  Development and Ownership Cost 
 
The Built Environment is resistant to adopting integrated practice. Some problems  with adoption of integrated 
practice are communication through traditional methods, the need for newer technology to help them integrate, and 
the budget they have to spend on integration solutions. The early adopters of VE tools are established firms who 
carefully  plan  budget  for  integration.  Most  of  these  firms  are  heading  in  the  direction  and  implementation  of 
Building Information Modeling (BIM) concept. Similar to BIM software tools, VE tools purpose revolves around 
simplicity and efficiency (Jernigan, 2007). The user of the VE tool first concern is cost vs. the principle budget (Hippel, 2006). Very rarely do manufactures of devices succeed if the cost associated with an outcome does not 
fully serve the interest of the principle’s budget (Jensen & Meckling, 1976). In fact most firms strongly believe in 
not going against the principle’s interest, known as the “bonding cost”. Users of VE tool are often concerned with 
the complexity of input materials and the level of skill employees will need to operate the device (Hippel, 2006).  
 
The prototype VE spatial review tool described in this paper is a low-cost solution to the problems associated with 
spatial review. The prototype tool is developed in such as way that it is easy to use. Any well established design 
team should be able to handle the creation of the FBX model file. This tool is one of many to assist the theories of 
simplicity taught by BIM integrated practice (Jernigan, 2007). The GUI in Figure 5 is of simple design to allow 
firms to concentrate on the proposed design and not the technicality of the VE spatial review tool. There is little 
employee training involved in the operation of it. Low duration on employee adoption to a tool is a great reason to 
adopt (Hippel, 2006) similar concept of tool such as the one described in this paper. To date, Microsoft’s XNA 
framework  and  its  related  tools  are  free  to  download.  This  makes  XNA  an  attractive  prospect  for  the  code 
establishment in the development of VE related tools. XNA is therefore low-cost but a highly efficient tool that 
allows for the development of 3D visualization applications. 
6  Conclusion and Future Work 
 
The authors believed with a combination of low-cost development tool such as the XNA framework, a user-friendly 
VE  tool  and  low-cost  hardware  solution  such  as  the  Xbox  360  video  game  console,  the  built  environment 
community at USM in specific, and in Hattiesburg in general, would benefit from using the VE spatial review tool. 
 
Based on the authors’ previous work on VE and 3D game engine, 3D game engine technology when used to develop 
VE related tools have great potential in assisting the design process (Shiratudidn & Kitchens, 2007). Prior to this, 3D 
game engines were mainly for the games developers to develop games. However, current marketplace for low-cost 
3D game engine solutions is steadily growing and is available to any interested sectors. The ongoing need for 
visualization should be matched with the availability of affordable and yet easy to use tools. Industries related to the 
built environment have an opportunity to benefit from the use of VE tools that can help convey and communicate 
the  vision  of  creators  of  designs.  These  tools  not  only  can  assist  in  design,  but  also  in  construction,  facility 
management and maintenance.  
 
This work is still ongoing. The authors are still continuing the development of the tool to establish the real-time 
insertion and manipulation of all 3D models that exist in the VE. The authors also plan to support 3D model with 
embedded information hence making the VE enriched with information. In parallel to further developing the tool, 
the authors are also investigating various interaction techniques required for the use of the Xbox 360 gamepad. In its 
present  state,  the  tool  is  still  code-driven  and  to  make  it  more  user-friendly,  suitable  GUIs  would  have  to  be 
designed, 
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